OBJECTIVE Preoperative depression has been linked to a variety of adverse outcomes following lumbar fusion, including increased pain, disability, and 30-day readmission rates. The goal of the present study was to determine whether preoperative depression is associated with increased narcotic use following lumbar fusion. Moreover, the authors examined the association between preoperative depression and a variety of secondary quality indicator and economic outcomes, including complications, 30-day readmissions, revision surgeries, likelihood of discharge home, and 1-and 2-year costs. METHODS A retrospective analysis was conducted using a national longitudinal administrative database (MarketScan) containing diagnostic and reimbursement data on patients with a variety of private insurance providers and Medicare for the period from 2007 to 2014. Multivariable logistic and negative binomial regressions were performed to assess the relationship between preoperative depression and the primary postoperative opioid use outcomes while controlling for demographic, comorbidity, and preoperative prescription drug-use variables. Logistic and log-linear regressions were also used to evaluate the association between depression and the secondary outcomes of complications, 30-day readmissions, revisions, likelihood of discharge home, and 1-and 2-year costs. RESULTS The authors identified 60,597 patients who had undergone lumbar fusion and met the study inclusion criteria, 4985 of whom also had a preoperative diagnosis of depression and 21,905 of whom had a diagnosis of spondylolisthesis at the time of surgery. A preoperative depression diagnosis was associated with increased cumulative opioid use (b = 0.25, p < 0.001), an increased risk of chronic use (OR 1.28, 95% CI 1.17-1.40), and a decreased probability of opioid cessation (OR 0.96, 95% CI 0.95-0.98) following lumbar fusion. In terms of secondary outcomes, preoperative depression was also associated with a slightly increased risk of complications (OR 1.14, 95% CI 1.03-1.25), revision fusions (OR 1.15, 95% CI 1.05-1.26), and 30-day readmissions (OR 1.19, 95% CI 1.04-1.36), although it was not significantly associated with the probability of discharge to home (OR 0.92,. Preoperative depression also resulted in increased costs at 1 (b = 0.06, p < 0.001) and 2 (b = 0.09, p < 0.001) years postoperatively. CONCLUSIONS Although these findings must be interpreted in the context of the limitations inherent to retrospective studies utilizing administrative data, they provide additional evidence for the link between a preoperative diagnosis of depression and adverse outcomes, particularly increased opioid use, following lumbar fusion.
M ajor depressive disorder is the leading cause of disability among people between the ages of 15 and 44 years, with a 12-month prevalence of 6.6% and a lifetime prevalence of 16.2%. 7, 16 The relationship between depression and low-back pain is well established, 7 with depressive symptomatology linked to a more than 2-fold increase in the odds of low-back pain in 1 study. 25 Despite this association, as well as the link between depression and adverse outcomes after many types of surgery, 5, 21 the impact of depression on outcomes following lumbar fusion has yet to be fully characterized.
Previous studies have described associations between preoperative depression and various outcomes of spinal surgery, including postoperative disability, patient satisfaction, and 30-day readmission rates. [1] [2] [3] 23, 29 Notably, the depressed population is particularly vulnerable to substance abuse and dependence issues, 7, 17 but the link between depression and opioid use and abuse following lumbar fusion has remained largely unexplored. The only study reporting a link between depression and greater opioid use after lumbar fusion was performed in a workers' compensation setting, which has been associated with poorer overall outcomes than those of the general population, limiting the external validity and applicability of these findings. 6, 14, 22 The association between depression and opioid use following fusion is increasingly relevant given the epidemic of opioid abuse sweeping the country in recent years. 15, 30, 34, 35 In the present study, we used data from the MarketScan national administrative database (Truven Health Analytics) to examine the effects of preoperative depression on opioid use following lumbar fusion, controlling for different levels of preoperative opioid use and other confounding variables. Secondarily, we examined whether patients with a preexisting diagnosis of depression have poorer overall lumbar fusion outcomes than the patients without depression. A variety of different quality indicator and economic outcomes were considered, including complications, 30-day all-cause readmissions, revision surgeries, discharge home, and 1-and 2-year costs.
Methods

Data Source
To conduct this study, we queried an observational administrative database of patients in the United States who had undergone lumbar fusion between 2007 and 2014. Utilization data in the inpatient, outpatient, and pharmacy settings were obtained from the MarketScan Commercial Claims and Encounters Database and Medicare Supplemental and Coordination of Benefits Database. These data encompass health care claims submitted on behalf of individuals enrolled in private insurance plans and Medicare through a participating employer, health plan, or government organization. Both inpatient and outpatient data, such as diagnosis, date of service, demographics, and employer information, were reviewed. The linked drug prescription database included information on all prescriptions covered by insurance that were filled by the patient, along with dosage, drug identification number, day supply, and prescription date. The data are frequently used in analyses of health care utilization and spending. 18, 31, 33, 36 
Patient Sample
We obtained our study cohort by utilizing Current Procedural Terminology (CPT) codes to identify patients older than 18 years who had undergone lumbar fusion between 2007 and 2014. For a full list of codes used to define lumbar fusion, see Table 1 . For each patient, we defined the "index date" as the date of the first fusion surgery within the coverage period and the "index visit" as the inpatient visit in which that surgery took place. We restricted our analysis to patients who were continuously enrolled in a health insurance plan offering pharmacy and medical benefits for the period 6 months before the index date and at least 2 years after the index date, meaning that they had to have been alive and actively enrolled in a participating plan for a minimum of 2 years following lumbar fusion. This effectively limited our sample to patients who had undergone lumbar fusion between July 1, 2007, and December 31, 2012 . To restrict our sample to patients who had undergone elective surgery for degenerative disease and to limit confounding from previous surgery, we excluded those with International Classification of Diseases, Ninth Revision (ICD-9) codes for a preoperative diagnosis of trauma, postlaminectomy syndrome, systemic malignancy, paralysis, schizophrenia, and bipolar disorder.
Outcomes
The primary outcomes used to assess opioid use in the year following surgery were total cumulative dose, chronic use, and cessation of opioids. Total cumulative dose in morphine milligram equivalents (MMEs) 3-12 months post-index visit was calculated by multiplying the total quantity of pills by the strength of the prescription (a number representing the concentration of the active opioid ingredient), and multiplying that product by the MME conversion factor provided by the Centers for Disease Control and Prevention (CDC). 26 This allowed for comparison across opioid types in the form of MMEs (for reference, 50 mg of hydrocodone translates to 50 MMEs, and the CDC recommends avoiding or carefully monitoring a prescription > 90 MMEs per day). "Chronic use" was defined as at least 10 prescriptions (regardless of MMEs) or ≥ 120 days' supply over the 3-to 12-month post-index visit period, an outcome consistent with previous studies examining chronic use as an end point. 28, 32 The outcome of "opioid cessation" was defined as filling zero opioid prescriptions in months 6-12 post-index visit. The start point for this outcome was extended from 3 months to 6 months given the clinical judgment that zero opioid medications 6 months postsurgery was a more attainable outcome for lumbar fusion.
We considered 2 sets of secondary outcomes: clinical quality indicators and costs. The assessed quality indicator outcomes were surgical complications, revision fusion, 30-day readmissions, and likelihood of discharge to home. The full list of complications and their corresponding ICD-9 or CPT codes are listed in Table 1 . "Thirty-day all-cause readmissions" were defined as any repeat hospitalization, regardless of cause, within 30 days of discharge from the index visit, as is concordant with previous definitions in the literature. 8, 11 Revision fusion was a binary variable representing the presence of any subsequent lumbar fusion (using the same ICD-9 and CPT codes used to define the original procedure) within the coverage period. Similarly, discharge home was a binary variable indicating whether the patient was discharged to home after the initial fusion surgery (rather than to a skilled nursing or rehabilitation facility, hospice, and so forth), which is coded as a categorical variable in the MarketScan database representing location of discharge.
The secondary economic outcomes were total costs 1 and 2 years after surgery, after excluding any negative or zero-valued payments. The logarithm of this cost was used in regression modeling to account for the right-skewed nature of the outcome.
Exposure
Our primary independent variable of interest was a diagnosis of depression prior to surgery. We considered patients to have carried a preoperative diagnosis of depression if they had at least 1 recorded ICD-9 code corresponding to a diagnosis of depression in the 6 months prior to their surgery, a definition that has been shown to have a 99.66% specificity for identifying "true" cases of depression (identified using manual chart review). 12 The high specificity of this particular definition was desirable given the large cohort size and the desire to restrict our depression subgroup to true cases to decrease the likelihood of false-positive associations. A full list of the ICD-9 codes used to define depression diagnosis can be found in Table 1 .
Covariates
To control for differences in demographic variables and comorbidities in patients with and without depression, the full set of covariates listed in Table 1 were included in all models. This list included procedure characteristics (single-level vs multilevel fusion, single-level vs multilevel laminectomy, instrumentation), demographic information (age, sex, geographic region, year of surgery), and comorbidities (anxiety, chronic obstructive pulmonary disease, To adequately represent other patient characteristics that have been shown to influence outcomes (particularly prescription drug-related outcomes), such as benzodiazepine use and preoperative opioid use, 32 we also included preoperative opioid, benzodiazepine, and antipsychotic use as covariates in all regression models (coded as binary variables representing the presence or absence of at least 1 prescription for the medication class in the year preceding the index surgery). Given the particularly strong association between preoperative opioid use and adverse surgical outcomes, 19, 28 preoperative opioid use was coded as a 3-level variable denoting zero, low, or high usage in the 6 months prior to surgery. "Zero usage" was defined as filling 0 prescriptions for opioid medications in the 6 months prior to the index hospitalization, whereas "low usage" was defined as nonzero usage that, when ranked as a percentile in terms of MME use compared with the rest of the cohort, fell below the top 25% of cumulative MME dose, also in the 6 months preceding surgery. Patients who fell in the top 25% of MMEs received in the 6 months preceding surgery were classified as having "high preoperative usage."
Statistical Analyses
We used logistic regression to examine the relationship between depression status and all binary outcomes (the primary outcomes of chronic opioid use and opioid cessation, as well as the secondary outcomes of complications, 30-day readmissions, revision fusion, and discharge home). Negative binomial regression was performed to predict the counts of cumulative MMEs received months 3-12 postoperation, and a log-linear regression model was generated to predict log total cost at 1 and 2 years after surgery. For all outcomes, the full set of demographic, comorbidity, and drug-related variables described above were included as covariates.
To assist with interpretation of the regression coefficients for cost and opioid use, we present odds ratios and confidence intervals, as well as graphs representing the predicted outcomes of a simulated patient with and without depression according to the appropriate regression models. For these graphs, we chose to simulate a patient with an age equal to the mean of the cohort and without any other comorbidities. For categorical variables (sex, geographic location), the category with the largest number of patients (female sex, residency in the southern geographic region) was selected for both depressed and nondepressed simulated patients, although this did not impact the relative difference in estimates attributable to depression. Standard errors on all plots depict the standard error of the estimate according to the full regression model, whereas differences in point estimates represent the magnitude of the effect on outcome attributable to depression. These graphs are only meant to illustrate the magnitude of the effect of depression; the significance of the marginal effect of depression can be determined using the 95% confidence interval of the odds ratio or the p value of the coefficient for depression in the given tables. A p value of < 0.05 was considered significant for all outcomes. Bonferroni correction was not required, given the existence of the predefined hypothesis that depression would negatively impact all primary and secondary outcomes.
Results
Sample Characteristics
The exclusion criteria yielded a final sample of 60,597 patients who had undergone lumbar fusion (Fig. 1) , 4985 of whom had a diagnosis of depression within 6 months of the index visit and 21,905 of whom had a diagnosis of spondylolisthesis at the time of surgery (Table 2 ). In comparisons between the depressed and nondepressed cohorts, there were significant differences in the percentage of women (71.7% vs 55.6%, respectively) and the mean age (53.2 vs 56.4 years, respectively). There were slight variations in the type of insurance plan between controls and depressed patients, some of which were statistically significant, although the effect sizes of these differences were small or negligible according to Hedges' g statistic. Patients with depression were significantly more likely to undergo multilevel fusion procedures (72.3% vs 66.0%) and significantly less likely to undergo laminectomies, both single level (36.1% vs 41.2%) and multilevel (21.7% vs 25.8%). Given the statistically significant differences (yet small effect sizes) between the groups, all of the above variables were included as covariates in the final regression models, as were the other comorbidities and drug-use variables described in Methods. Of the 21,905 patients with a diagnosis of spondylolisthesis at the time of surgery, 1675 had a diagnosis of depression. The difference in the prevalence of spondylolisthesis in the control group versus the depressed group was negligible in magnitude according to Hedges' g statistic (36.3% vs 33.6%).
Postoperatively, the patients with depression received higher doses of opioid medications, and 31.8% of patients with depression met the criteria for having chronic opioid use as compared with 18.4% of controls. A greater proportion of patients without depression received zero opioids 6-12 months postsurgery (57.9% vs 44.1%). Moreover, the patients with depression experienced significantly higher rates of complications, revision fusions, and 30-day readmissions, although the magnitude of the differences was small. There was no significant difference in the likelihood of being discharged home following surgery. The average 1-year per-patient total costs (including index visit) were $66,376 in controls and $73,467 in the depressed patients. At 2 years postfusion, the average total cost increased to $80,257 for controls and $94,150 for depressed patients.
Primary Opioid Outcomes
Opioid use after surgery varied widely depending on depression diagnosis and preoperative opioid use. Depres-sion diagnosis was associated with increased cumulative opioid use (measured in MMEs) 3-12 months after surgery (b = 0.25, p < 0.001; Table 3 ), controlling for the covariates specified above. The effect of preoperative opioid use was even larger, yet the effect of depression remained after controlling for preoperative opioid use ( Fig. 2 and Table 4 ). These relationships are apparent in the graph depicting the predicted total opioid use of a hypothetical patient with different levels of preoperative opioid consumption based on the negative binomial regression model. While a depression diagnosis increased the predicted postsurgical MMEs (months 3-12 postoperatively) of an otherwise healthy opioid-naïve patient from 612.9 to 787.9 ( Fig. 2) , having high preoperative use increased this estimate to 10,224.4 (without depression) or 13,145.9 (with depression).
Similar patterns were observed with respect to chronic opioid use, defined as ≥ 10 prescriptions or ≥ 120 days' supply in the 3-12 months after surgery. A depression diagnosis was associated with significantly increased rates of chronic postoperative opioid use, even after controlling for preoperative opioid use (adjusted OR 1.28, 95% CI 1.17-1.40; Fig. 3 ). In an otherwise healthy patient with high preoperative use, depression increased the estimated probability of chronic use from 53.2% to 59.2% (Fig. 2) . In a similar patient with no preoperative usage, depression increased the predicted probability of chronic opioid use from 4.4% to 5.6%.
Depression was also associated with a decreased probability of opioid cessation during postoperative months 6-12. Again, however, preoperative use was a strong negative driver of this outcome, yet the effect of depression remained after controlling for this variable (OR 0.96, 95% CI 0.95-0.98; Fig. 3 ). To illustrate this, Fig. 2 depicts the overall predicted probability of a patient ceasing opiate use. With zero preoperative opioid use, the predicted probability of receiving zero opioid prescriptions from months 6 to 12 postoperatively decreased slightly less than 4% with a diagnosis of depression (from 74.1% without depression to 70.4% with depression). The predicted probability of cessation in a patient with heavy preoperative opiate use was much lower (only 21.0% and 24.7% with and without comorbid depression, respectively).
Secondary Quality Indicator and Cost Outcomes
Overall, a diagnosis of depression within the 6 months before surgery was associated with increased rates of complications (OR 1.14, 95% CI 1.03-1.25), revisions (OR 1.15, 95% CI 1.05-1.26), and 30-day readmissions (OR 1.19, 95% CI 1.04-1.36) after controlling for demographic, comorbidity, and preoperative drug-use variables (Fig. 3) . The association between depression and complications remained even after controlling for revision surgeries (OR 1.13, 95% CI 1.03-1.26). Preoperative depression did not influence the likelihood of being discharged home after surgery after controlling for these same covariates (OR 0.92, 95% CI 0.84-1.01).
Diagnosis of depression was also correlated with increased 1-and 2-year costs. A depression diagnosis in an otherwise healthy patient was associated with an estimated $3024 increase in total 1-year costs, including the cost of the initial procedure (log-linear regression, b = 0.06, p < 0.001; Table 3 and Fig. 4) . The estimated cost increase
FIG. 1.
Flow diagram of criteria for patient inclusion. Note that many participants fell into more than 1 category per box on the right side of the diagram. For example, some participants were lacking both prescription drug information and mental health information; therefore, they appear in each of those separate categories but were counted only once in the total number excluded.
attributable to depression was $5598 at 2 years post-index surgery, again controlling for all previously described demographic, comorbidity, and preoperative drug variables (log-linear regression, b = 0.09, p < 0.001).
Discussion
In the present study, we sought to examine the effects of a preoperative diagnosis of depression on a variety of functional outcomes following lumbar fusion surgery using a nationwide administrative sample. We found that a diagnosis of depression prior to lumbar fusion was associated with increased postoperative opioid use, even after controlling for preoperative opioid use, demographic factors, and relevant comorbidities. In addition, preoperative depression was associated with increased rates of complications, revisions, and 30-day readmissions, as well as increased 1-and 2-year costs. Depression diagnosis was not significantly associated with the likelihood of discharge to home after lumbar fusion surgery. While previous research has implicated preoperative depression in adverse outcomes of lumbar fusion surgery, 4, 6, 24 our study is the first, to our knowledge, to investigate this topic using a nationwide administrative database containing records from privately insured individuals and patients with Medicare. The consistent nature of this relationship between depression and adverse outcomes supports the notion of depression as a disease affecting both physical and mental health as well as health care utilization. The association between depression and both 1-and 2-year costs highlights the fact that the economic burden of depression, while well established in the general population, 13 plays an important role in the long-term costs after lumbar fusion. While the administrative nature of data in the current study precluded us from assessing the treatment status of patients prior to surgery, in the future it would be worthwhile to determine whether preoperative treatment of depression would improve outcomes. Given the high prevalence of spondylolisthesis in this cohort that underwent lumbar fusion, future research investigating the specific effect of depression diagnosis within this subgroup would be of great utility. Opioid use is common following lumbar fusion, and the 
FIG. 2.
Opioid outcomes according to depression diagnosis, stratified by preoperative opioid use. The predicted postoperative opioid use of an otherwise healthy patient with various levels of preoperative opioid use, both with and without depression, was calculated using the final logistic and negative binomial regression models. Error bars indicate the standard error of the overall estimate (estimated probability or cumulative MMEs) using multivariable logistic or negative binomial regression.
rising rate of opioid abuse in recent years has become a growing problem in this country. 30 After controlling for demographic factors and comorbidities, we found that a preoperative depression diagnosis was associated with increased cumulative MMEs and risk of chronic use 3-12 months after surgery, as well as a decreased probability of opioid cessation 6-12 months postoperatively. Previous studies have identified depression among the numerous factors increasing the risk of opioid use after surgeries such as total hip arthroplasty and bariatric surgery; 9,27 however, its role in lumbar fusion has remained unexplored. Our results suggest that depression may be an important driver of postoperative opioid use in this surgical population, even after controlling for preoperative use. This relationship between depression and postoperative opioid use, particularly in patients with a diagnosis of spondylolisthesis, warrants further investigation.
Study Limitations
Results of the present study must be interpreted considering the limitations inherent to all large database studies. Specifically, our categorization of depression diagnosis, along with comorbidities and outcomes, assumed the accuracy of our administrative data. Although we used a definition of depression that was based on a previously validated report, the incidence of depression in administrative data based on ICD-9 codes may underestimate the true prevalence. 12 Additionally, depression is commonly thought to be a spectrum of disorders rather than one distinct entity; therefore, characterizing it with one group of ICD-9 codes may not achieve the granularity necessary to distinguish between different forms of the disorder.
While generalized anxiety or panic disorder was included as a covariate in our analysis, other psychiatric conditions, such as Axis II disorders and other mood disorders, particularly bipolar disorder and other anxiety disorders, are frequently comorbid with depression and may affect the relationship between depression and outcomes. 20 Additionally, we did not control for health care utilization, which has been associated with a diagnosis of depression as well. 10 Further work is required to investigate the nature of this relationship and its effect on the association between depression and lumbar fusion outcomes.
Finally, opioid use was assessed based on the number and dosage of medications that were both prescribed to the patient and picked up at a pharmacy, not on actual patient ingestion, which may not reflect opioids obtained from other sources not covered by insurance. To more definitively characterize the relationship between depression and opioid use, future studies using more granular data on both depression diagnosis and opioid use would be of great value.
Conclusions
Overall, the current study provides insight into the relationship between preoperative depression and a variety of outcomes, particularly opioid use, following lumbar fusion. Given that depression is a potentially modifiable risk factor for adverse outcomes, future work might identify   FIG. 4 . Predicted 1-year and 2-year costs, according to depression diagnosis. Costs were calculated with the log-linear regression model predicting 1-and 2-year costs using a hypothetical patient with an age equal to the mean of the sample and no other comorbidities. Total 1-year and 2-year predicted log costs were exponentiated to calculate the actual predicted cost. Error bars indicate the standard error of the overall estimate using log-linear regression; these overlapped even when the marginal effect of depression was statistically significant due to the combined uncertainty of other coefficients in the model.
FIG. 3.
Adjusted odds ratios of preoperative depression for binary outcomes. All odds ratios were adjusted for the full set of demographic, comorbidity, and drug-use variables detailed in the text.
ways to mitigate the impact of depression and to improve outcomes for patients undergoing lumbar fusion. In assessing postfusion outcomes, we believe that the preoperative assessment of depression should be included and that the disorder should be considered as a potentially impactful comorbid condition.
